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We have evaluated the use of "Dexsil 300 GC," a polycarboranesioxane, as the stationary phase in the GC measurement of N,O-dipivalyl methyl esters of pure T3 and T4, and T3 from human serum.2 Unlike other stationary phases, Dexsil 300 GC is stable up to 500#{176}C, which greatlyminimizes background caused by column bleed (1) . Excellentseparationsand detectionofT3 and T4 were obtained at a column temperature of 305#{176}C and with use of an electron-capture detector.
Materials and Methods

Reagents
The free acids 3,3',5-triiodo-L-thyronine and 3,3',5,5'-tetraiodo-L-thyronine (Sigma Chemical Co., St. Louis, Mo. 63178), stated to be 99+% pure as assessed by thinlayer chromatography, were used without further purification.
T3 labeled with iodine-131 in the 3' position was obtained from Abbott Laboratories, North Chicago, Ill. 60064. The purity was stated to be greater than 98%, as assessed by ascending paper chromatography.
Radiochemicals were purchased each week and used within a week.
These materials were stored at lessthan 0#{176}C in propylene glycol:water (equal volumes). The labeled materials were appropriately diluted for trace recovery studies.
Analytical-grade cation-exchange resin AG 50W-X2 
Derivatives of T3 and 14
The derivatives chosen for this study were the N,Odipivalyl methyl esters of T3 and T4. The derivatives were prepared by essentiallythe same methodology described by Jaakonm#{228}ki and Stouffer (2), and purified according to a proceduredescribedby Niheietal.(3). The packed column was pre-conditioned by programming the column temperature to reach 350#{176}C while a carrier-gas flow of 90 ml/min was maintained. Column temperature was maintained at 350#{176}C for at least 1 h. Before injecting benzene solutions of the derivatized hormones, the gas chromatograph was equilibrated for several hours at the following conditions:
The 63Ni electron-capture detector was operated in a pulsed mode at a rate of 100 zs of polarizing voltage (50 V) and l-is duration. The columns were washed with 30 ml of 0.15 molar ammonium acetate (pH 8.5) and this was followed by a 6-ml methanol wash. This additional wash significantly decreases the serum background in the gas chromatograms. T3 and T4 were eluted from the columns with 6 ml of a methanol solutioncontainingdiluteammonium hydroxide (3 ml/100 ml) and collectedin glass-stoppered tubes. The eluates were evaporated to dryness (15-20 mm) at 45#{176}C.
Procedure for Serum
The isotope recoveries for the extraction procedure determined with a Model RIDL Nuclear Chicago gamma counter were generally greater than 90% (Table 1) .
Derivatization of extracted T3 and T4 (2,3).
The extracted T3 and T in the dried eluates were methylated for 1 h at 70#{176}C with 1 ml of the 25% solution of HC1 in methanol.
At the end of this period, the excess HC1-methanol was removed by evaporation under nitrogen at 45#{176}C. The methyl esters of the thyroid hormones were then reacted with 0.2 ml of pivalic anhydride and 0. tions of the purified derivatives of T3 and T4 were injected into the gas chromatograph. The instrumental conditions were essentially identical to those just described above, the essential difference being that a 162 cm X 6.4 mm (o.d.) glass column was used for clinical assays.
Preparation of T3 Standards
A series of "normal" serum pools was prepared by mixing sera for which protein-bound iodine, total iodine, and total thyroxine (6) values fell within normal limits (4-8 g/dl, 4-10 ,zg/dl, and 4.0-11.0 zg/dl respectively). The pools, prepared according to need, were divided into 5-10 ml aliquots and frozen until use. Standards were prepared by adding various amounts of T3 to 2 ml of a "normal" pool and subjecting these samples, plus 2 ml of the "normal" pool without added T3, to the entire extraction, derivatization, and GC procedure previously described. The T3 GC peak height obtained with the "normal" pool was subtracted from the peak height obtained with the "normal" pool plus added T3, to give the peak height of the T3 standard. A comparison of peak heights allowed a ratio calculation for the "normal" pool and for any unknown samples that had been included in that particular assay. We presume that T4 standards could be prepared and used similarly.
Results and Discussion
Results for Pure T3 and T4 bMean and standard deviations calculated forpatient groupsofvarious sizes. Results for Serum Figure 5 shows a chromatogram obtained from a "normal" pool with and without added T3 and added T4. The similarity in peak heights of T3 and T4 in this case is probably attributable in part to lower T4 recoveries and in part to longer retention times for T4. (Longer retention times tend to broaden peaks and thus decrease peak height.)
The mean value and standard deviation for T3, as measured for several "normal" pools during 6-12 months, is 192 ± 19 ng/dl (Table 2 ). This value is reproducible. Although it is not absolutely correct to compare the "normal pool" value with the mean of that obtained from a series of individuals, thereis agreement with both the mean T3 value for103 normal individuals reportedby Gharib etal. (7), who used radioimmunoassay, and the mean T3 value for 31 normal individuals reported by Sterling (8) , who used competitive protein-binding methodology. Moreover, in addition to the "normal" pool results, there is generally a good correlation for individual specimens between results with competitive protein-binding methodology and the protocol described here (Table 3) . From work with other sera, we judge the lower limitat which T3 can be detected and measured to be about 50-75 ng/dl.
Our values are somewhat higher than those reported by Mitsuma et al. (9) , who used radioimmunoassay, and by Nihei et al. (3) , who used gas chromatography (Table 2) . However, the protocol we describe does not include a correction for possible conversion of T4 to T3. Nihei system to average 1.69% ± 0.05%. Thus, depending on the extent of conversion in the system reported in this paper, failure to compensate for such conversion could result in a higher apparent value for T3.
Overall, the results indicate the usefulness of Dexsil 300 GC as the stationary phase inthe GC analysis ofthe N,Odipivalyl methyl ester of T3 in a clinicalassay of human serum. Because of the high thermal stability of Dexsil 300 GC, the instrument can be left at its operating temperature without decreasing useful column life. Thus, the instrument is quickly available for operation for a much greater percentage of the time. It has been our experience that 10-15 samples can be completely processed by a qualified individual in a little less than two working days. The method is reproducible and should prove to be a useful confirmatory procedure for the detection and therapy of thyroid diseases.
